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Title of the invention 

FERRTTE TYPE STAINLESS STEEL WIRE AND ITS MANUFACTURING METHOD 
[Abstract] 

[Purpose] To provide a ferrite type stainless steel wire havii^ excellent cold plastic 
workability so as not to be broken or cracked in drawing process and straightening 
process steps at the time of manufacturing a polished steel bar from a coil material of the 
ferrite type stainless steel wire in process involving the drawing process and straightening 
process steps and an economical manufacturing method of the steel wire. 
[Constitution] In hot rolling of the ferrite type stainless steel wire, the hot rolling speed is 
adjusted to control the hot rolling finishing temperature at 800 to 930^C and the crystal 
grain size of the ferrite type stainless steel wire to be as fme as 6 or higher number of the 
crystal grain size degree on completion of the hot rolling. 

What is claimed is: 

1. A manufacturing method of a ferrite type stainless steel wire excellent in cold plastic 
workability by controlling the hot rolling flnishii^ temperature at 800 to 930°C in hot 
rolling of the ferrite type stainless steel wire. 

2* A manufacturing method of a ferrite type stainless steel wire excellent in cold plastic 
workability by controlling the hot rolling finishing temperature at 800 to 930^C by 
adjusting the hot rolling speed in hot rolling of the ferrite type stainless steel wire. 
3. A manufacturing method of a ferrite type stainless steel wire excellent in cold plastic 
workability by controlling the hot rolling finishing temperature at 800 to 930°C and the 
crystal grain size of the ferrite type stainless steel wire to be as fine as 6 or higher number 
of the crystal grain size degree on completion of the hot rolling by adjusting the hot rolling 
speed in hot rolling of the ferrite type stainless steel wire. 
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4. A ferrite type stainless steel wire excellent in cold plastic workability, wherein stainless 
steel wire has the crystal grain size as fine as 6 or higher number of the crystal grain size 
degree on completion of the hot rolling. 

5. A ferrite type stainless steel wire excellent in cold plastic workability, wherein the 
crystal grain size on completion of the hot rolling is controlled to be as fine as 6 or higher 
number of the crystal grain size degree by adjusting the hot rolling speed in hot rolling of 
the ferrite type stainless steel wire. 

6. A ferrite type stainless steel wire excellent in cold plastic workability, wherein the hot 
rolling finishing temperature is controlled at 800 to 930''C and the crystal grain size on 
completion of the hot rolling is controlled to be as fine as 6 or higher number of the crystal 
grain size degree by adjusting the hot rolling speed in hot rolling of the ferrite type 
stainless steel wire. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The invention relates to a polished ferrite type 
stainless steel bar having excellent cold plastic workability so as not to be cracked or 
broken at the time of cold-plastic processing such as cold drawing or bend straightening 
and the like. 
[0002] 

[Background art] Recently, many machine processed parts of stainless steels have been 
used for OAapparatus, peripheral appliances of personal computers, and various kinds of 
other control apparatus parts. Many of them are produced from polished stainless steel 
bars by machining by automatic cutting machines such as an automatic lathe. 
[0003] Generally, a polished steel bar is manufactured by straightening a hot-rolled steel 
bar, which is subjected to thermal treatment such as annealing, normalizing or the like 
based on the necessity after hot rolling, to be linear; cutting the straightened steel bar into 
a prescribed length, surface-smoothing the steel bar by cutting such as lathing or peeling 
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and at the same time finishing into a bar with a prescribed outer diameter. 
[0004] Further, a polished steel bar is manufactured by adjusting the outer diameter size 
and the surface skin by drawing the hot-rolled steel bar and successively linearly 
straightening and finishing the steel bar by a multi-roll straightening apparatus. Also, a 
polished steel bar is manufactured by winding a steel bar in a coU-like form for obtaining a 
long coil-like wire after hot rolling; continuously drawing the wire for adjusting the outer 
diameter to be a prescribed size and as the same time making the wire straight; 
successively cutting the tip end of the drawn material into steel bars with a prescribed 
length; and finishing each steel to be straight by a straightenmg apparatus such as a 
multi-roll straightening apparatus. 

[0005] A manufacturing method of the polished steel bar including the drawing process 
has a high material yield as compared with that of a method by cutting process and 
especially, the method involving continuous processing of drawing of a coil material is a 
significantly economical manufacturing method, however in this method, the plastic 
workability of a steel is a very important issue since the method involves drawing process. 
In the case of manufacturing a polished steel bar from a coil material of the ferrite type 
stainless steel by steps of drawing process-straightening, in the steps, the coil material is 
often cracked and broken to result in a serious problem in manufacturing. 
[0006] 

[Problem to be Solved by the Invention] The invention provides a ferrite type stainless 
steel wire having excellent cold plastic workability so as not to be broken or cracked in 
drawing process and straightening process steps at the time of manufacturing a polished 
steel bar from a coil material of the ferrite type stainless steel wire in process involving the 
drawing process and straightening process steps and provides an economical 
manufacturing method of the steel wire. 
[0007] 

[Means for solving the problem] From the results of investigations and studies carried 
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out for solving the above-mentioned problem, inventors have found that in the 
manufacturing process of a polished steel bar of a ferrite type stainless steel involving the 
drawing process and straightening process steps, the crystal grain size of a ferrite type 
stainless steel wire, which is an object raw material, considerably affects on the occurrence 
of the cracks or breaks of a polished steel bar and that the cold plastic workability of the 
ferrite type stainless steel can be improved by making the crystal grain size fine and thus 
occurrence of cracks and breaks of the steel bar can be prevented in the manufacturing 
process of the polished steel bar. Inventors have also found that it is required to control 
the finishing temperature of the hot-processing to be 930°C or lower for making the 
crystal grain size fine. 

[0008] The invention has been accomplished based on the above-mentioned findings. 
That is, manufacturing methods of a ferrite type stainless steel wire excellent in the cold 
plastic workability of the invention are characterized in that 

(1) the hot rolling finishing temperature is controlled to be 800 to 930'*C in hot rolling of 
the ferrite type stainless steel wire: 

(2) the hot rolling finishing temperature is controlled to be 800 to 930^ C by adjusting the 
hot rolling speed in hot rolling of the ferrite type stainless steel wire: and 

(3) the hot rolling finishing temperature is controlled to be 800 to 930^C and the crystal 
grain size of the ferrite type stainless steel vdre is controlled to be as fine as 6 or higher 
number of the crystal grain size degree on completion of the hot rolling by adjusting the 
hot rolling speed in hot rolling of the ferrite type stainless steel wire. Further, ferrite type 
stainless steel wires excellent in the cold plastic workability of the invention are 
characterized in that 

(4) the crystal grain size is as fine as 6 or higher number of the crystal grain size degree on 
completion of the hot rolling: 

(5) the crystal grain size on completion of the hot rolling is controlled to be as fine as 6 or 
higher number of the crystal grain size degree by adjusting the hot rolling speed in hot 
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rolling of the ferrite type stainless steel wire: and 

(6) the hot rolling finishing temperature is controlled at 800 to 930*^0 and the crystal grain 
size on completion of the hot rolling is controlled to be as fine as 6 or higher number of the 
crystal grain size degree by adjusting the hot rolling speed in hot rolling of the ferrite type 
stainless steel wire. 
[0009] 

[Embodiments of the Invention] A ferrite type stainless steel wire excellent in cold plastic 
workability of the invention is a stainless steel having a high Cr content and comprising 
95% or more ferrite in solid-phase state just like JIS SUS 410 or SUS 430 and may contain 
various kinds of alloying elements based on the necessity. 

[0010] The ferrite type stainless steel wire excellent in cold plastic workability of the 
invention may be made to be an ingot by casting molten steel melted similarly to a 
common ferrite type stainless steel and further processed to be a billet by hot-forming or 
hot rolling the ingot. In the billet manufacture, the molten steel may be continuously cast 
to be a billet. 

[0011] The above-mentioned billet is heated to a heating temperature for the hot rolling 
and made to be a rolled material with a prescribed outer diameter by hot rolling by a hot 
rolling apparatus and then the rolled material is wound just like a coil to be a coil-state 
steel wire by employing a winding apparatus. In the case of manufacturing a long rolled 
material, rolling is preferable to be carried out using a tandem type continuous rolling 
apparatus comprising a large number of roU pairs. 

[0012] The manufacturing method of the ferrite type stainless steel wire excellent in cold 
plastic workability of the invention is characterized in that the temperature of the rolled 
material immediately after completion of the hot rolling (so-called hot rolling finishing 
temperature) is controlled to be 800 to 930^C. If the hot rolling finishing temperature is 
so low, deformation resistance of the steel is high and deformability is low to results in 
difficulty of rolling in the case of rolling process or occurrence of cracks or scratches in the 
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rolled material. Therefore, the lower limit of the hot rolling finishing temperatwe is set 
to be SOO^'C. On the other hand, if the hot rolling finishing temperature is so high, the 
crystal grain size of the rolled material becomes coarse and in the polished steel bar 
manufacturing process to be carried out thereafter, it causes undesirable troubles such as 
cracking and breaking in a product. Therefore, the upper limit of the hot rolling 
finishing temperature is set to be PSO'^C. 

[0013] To adjust the above-mentioned hot rolling finishing temperature, for example, the 
heating temperature of the billet is adjusted. Although a method of forcibly heating or 
cooling the object material to be processed in the middle of the hot rolling may be selected, 
the hot rolling finishing temperature is preferable to be adjusted by controlling the rolling 
speed in the hot rolling. 

[0014] In the hot rolling, the object to be processed is cooled because of heat loss by 
spontaneous heat release or contact with rolls of a rolling apparatus and on the other hand, 
the object is heated by processii^ heat generation in the rolling. Since the processing 
time is shortened if the rolling speed is increased, the quantity of the heat loss is decreased 
and thus the roUing finishing temperature is increased even in the case the same conditions 
of the processing extent and the processing heat generation. K the rolling speed is 
decreased, the processing time is prolonged and thus the rolling finishing temperature is 
decreased. According to the method of controlling the rolling speed in the hot rolling, 
without requiring special facilities for forcible heating or cooling, the rolling finishing 
temperature can considerably economicaUy be adjusted. 

[0015] The roUed material obtained in the hot rolling as described is wound in coil-like 
state by a winding apparatus and thereafter, being subjected to preliminary treatment 
such as annealing and coating with a lubricant agent based on the necessity, the rolled 
material is supplied to the polished steel bar manufacturing process. The polished steel 
bar is manufactured by a polished steel bar manufacturing method involving cold drawing 
and bend straightening by a multi-roU straightening apparatus. 
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[0016] f the ferrite type stainless steel wire has a coarse crystal structure with a crystal 
grain size smaller than 6 crystal grain size number, adverse incidents such as cracking and 
breaking occur in the cold drawing process or straightening process in the polished steel 
bar manufacturing process. Therefore, the ferrite type stainless steel wire excellent in 
cold plastic workability of the invention is to have an ultra fine crystal structure with a 
crystal grain size of 6 crystal grain size number or higher on completion of the hot rolling. 
The crystal grain size number is measured according to ASTfim £112. 
[0017] Since the ferrite type stainless steel wire within the scope of the invention has a 
solid phase and I phase, the crystal grain size is determined by the hot processing 
conditions and the crystal grains can not be made fine by heating treatment thereafter. 
According to the invention, a rolled material having an ultra fine crystal structure with a 
crystal grain size of 6 crystal grain size number or higher on completion of the hot rolling 
and in the polished steel bar manufacturing method involving the cold drawing and 
straightening thereafter, no cracking or breaking incident takes place and the ferrite type 
stainless steel wire excellent in the cold plastic workability can be obtained. 
[0018] Ferrite type stainless steels having the compositions shown in Table 1 were melted 
by arc furnace melting and formed in ingots of 4.6 1. Each ingot was hot-rolled to obtain 
a billet with a size of 153 ^m square x 5 to 10 jjm length. 
[Table 1] 



steel 


chemical component (% by weight) 


Cr 


SI 


Mn 


P 


S 


Ni 


Cr 


others 


steel 1 


0.005 


0.03 


030 


0.01 


0.01 


0.25 


17.2 


Mo:1.0 


steel 2 


0.006 


030 


0.53 


0.02 


0.01 


0.15 


12.5 




steel 3 


0.003 


0.53 


0.65 


0.02 


0.02 


0.20 


12.2 


Mo:1.6 


steel 4 


0.010 


035 


0.55 


0.01 


0.01 


0.16 


16.8 




steel 5 


0.008 


036 


0.46 


0.01 


0.02 


0.28 


20.5 
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[0019] Above-mentioned billets were heated to 1^00 to l^OO^'C and hot-rolled by a 
continuous wire material rolling apparatus comprising a rough rolling miU row composed 
of 8 2-roller rolling mills, an intermediate rolling mill row composed of 6 2-roller rolling 
mills, and a flnishing rolling mill row composed of 4 2-roller rolling mills and 2 4-roUer 
rolling mills to obtain round wire materials with a diameter of 17 {xm or 20 |im and the 
wire materials were wound by a balling reel type winding apparatus to obtain wire 
material coils each having a weight about 950 kg and an outer diameter about 1.5 m. The 
size, temperature, and rolling speed measured at the inlet sides and outlet sides of the 
respective rolling mill rows are shown in Table 2* Using a center part of a vertical cross 
section including an axis of each wire material specimen sampled from each wire material 
coil, the crystal grain size was measured according to the comparative method defined in 
AST|im £sll2. The results are shown as crystal grain size number in Table 2. 
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[0020] After the wire material coils were annealed by releasing heat after heating at 
TSO^'C, de-scaled by pickling, and subjected to lubricant agent coating treatment. The 
respective wire material coils subjected to the lubricant agent coating treatment were 
straightened and cut to obtain polished steel bars having a diameter shown in Table 3 and 
a length of 4 to 5 jjm by employing a continuous type drawing and straightening 
apparatus (combined machine) comprising a continuous drawii]^ apparatus, a cutting 
apparatus, and a roll type wire straightening apparatus comprising one straightening 
rolls. 
[Table 3] 



item 


surface reduction ratio by 
cold drawing (%) 


diameter 

(mm) 


straightening result 


Example 1 


11.4 


16 


normal 


Example 2 


9.8 


19 


normal 


Example 3 


11.4 


16 


normal 


Example 4 


9.8 


19 


normal 


Example 5 


11.4 


16 


normal * 


Example 6 


11.4 


16 


normal 


Example 7 


11.4 


16 


normal 


Comparative 
Example 1 


11.4 


16 


cracked at the time 
of straightening 


Comparative 
Example 2 


9.8 


19 


cracked at the time 
of straightening 


Comparative 
Example 3 


11.4 


16 


cracked at the time 
of straightening 


Comparative 
Example 4 


9.8 


19 


cracked at the time 
of straightening 


Comparative 
Example 5 


11.4 


16 


cracked at the time 
of straightening 
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[0021] As being made clear from Table 3, no harmful defect such as scratches or cracks 
was observed in the polished steel bars of Examples 1 to 7 obtained after straightening and 
cutting by the combined machine and the bending of the polished steel bars was as 
sufiBciently slight as 1 mm/|im or less and normal straightening was carried out. Also as 
being made clear from Table 2, Examples 1 to 7 were carried out in a manner that the 
outlet side temperature in the finishing rolling mill row (hot rolling finishing temperature) 
was controlled to be in a temperature range of 800 to 930°C by properly adjusting the 
rolling speed by the intermediate rolling mill and the finishing rolling mill depending on 
the temperature of the inlet side temperature of the intermediate rolling mill row. 
[0022] In Example 6 in which the inlet side temperature of the intermediate rolling mill 
row was slightly low as compared in Example 5, the rolling speeds of the intermediate 
rolling and finishing rolling were controlled to be slightly high and in Example 7 in which 
the inlet side temperature of the intermediate rolling miU row was slightly high as 
compared in Example 5, the rolling speeds of the intermediate rolling and finishing rolling 
were controlled to be slightly low so as to control the outlet side temperature (hot rolling 
finishing temperature) in the outlet side of the finishing rolling mill row. In all of 
Examples 1 to 7, the crystal grain size on completion of the hot rolling was found as fine as 
crystal grain size number 6 or higher. 

[0023] With respect to Comparative Examples 1 to 5, since the adjustment of the rolling 
speeds of the intermediate rolling and hot rolling in relation to the inlet side temperature 
of the intermediate rolling mill row was not proper, the outlet side temperature 
(hot-rolling finishing temperature) of the finishing roll mill row exceeds 930^C to result in 
coarse grain structure with a crystal grain size number lower than 6. As being made 
clear from Table 3, cracks were caused in the cold drawing and breaking took place in the 
straightening step and thus normal straightening could not be carried out in Comparative 
Examples 1 to 5. 

[0024] As described above, according to the invention, a ferrite type stainless steel wire 
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excellent in cold plastic workability so as not to be broken or cracked in drawing process 
and straightening process steps can be obtained. Further, according to the invention, 
since the outlet side temperature (hot-rolling finishing temperature) in the finishing roll 
mill row is controlled by adjusting the rolling speeds of the intermediate roUing and 
finishing rolling, it is no need to use an apparatus, e.g. a forcible cooling apparatus for a 
rolled material, for adjusting the hot-rolling finishing temperature. A manufacturing 
method of the ferrite type stainless steel wire excellent in the cold plastic workability of the 
invention is an economical method. 
[0025] 

[Effects of the invention] Accordingly, the invention provides a ferrite type stainless steel 
wire having excellent cold plastic workability so as not to be broken or cracked in drawing 
process and straightening process steps at the time of manufacturing a polished steel bar 
from a coil material of the ferrite type stainless steel wire in process involving the drawing 
process and straightening process steps and an economical manufacturing method of the 
steel wire. 
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